Objective: Before reperfusion therapy was introduced, the incidence of ventricular septal and left ventricular free wall rupture complicating acute myocardial infarction (AMI) was 1-3%. Primary percutaneous coronary intervention (PCI) was expected to reduce the incidence of such mechanical complications. Methods: We retrospectively analysed 1290 AMI patients referred to our institute from January 2005 to January 2011. Primary PCI was done in 1002 cases of the study patients (77.7%). Results: Ventricular septal rupture (VSR) occurred in 19 cases (1.5%) and left ventricular free wall rupture (LVFR) in 17 cases (1.3%). Mean observation periods from onset to VSR and LVFR were 2.6 days. We demonstrated that risk factors for LV rupture were advanced age, female sex, absence of history of angina or myocardial infarction, lack of previous PCI, and absence of previous hypertension. Coronary angiography revealed that the culprit lesions of the left anterior descending artery or single vessel disease were the risk factors for LV rupture. Furthermore, in the present observation, 9 patients (47.4%) with VSR and 8 patients (47.1%) with LVFR developed LV rupture within 24 h after symptoms onset (early rupture). The early rupture demonstrated extremely poor outcome compared with late rupture (in-hospital mortality was 88.2% in early rupture and 63.1% in late rupture). Conclusion: Even in the patients' cohort with higher prevalence of primary PCI, LV rupture cases were not decreased in contrast to our expectations. More attention should be paid to early LV rupture cases within 24 h from symptom onset in those cases.
Introduction
Left ventricular (LV) rupture is one of the most serious mechanical complications of acute myocardial infarction (AMI) [1] [2] [3] [4] [5] [6] [7] [8] . Ventricular septal rupture (VSR) is associated with extremely poor outcome, with in-hospital mortality rates of about 45% for surgically treated patients and 90% for those treated medically [4, 5] . Before the introduction of reperfusion therapy, the incidence of VSR resulting from AMI was 1-3% [1] [2] [3] . LV free wall rupture (LVFR) was an infrequent complication (2-4%), but it is associated with a high mortality from pericardial tamponade [9, 10] . In cases of STelevation acute coronary syndrome, those presenting within 12 h from their symptom onset are recommended to undergo immediate reperfusion therapy [11] . Primary percutaneous coronary intervention (PCI) was expected to reduce the incidence of such mechanical complications. The aim of this study was to clarify the clinical manifestation of LV rupture complicating AMI in the primary PCI era.
Materials and methods
We retrospectively analyzed 1290 consecutive patients with AMI referred to Saiseikai Kumamoto Hospital from January 2005 to January 2011. Coronary angiography was performed in 1142 patients (88.5%). For reperfusion therapy, primary PCI was done in 1002 cases of the study patients (77.7%) and thrombolytic therapy with monteplase intravenously was administered in 21 cases (1.6%). The reperfusion therapy was performed by physician's discretion referring to the American College of Cardiology Foundation/American Heart Association/Society for Cardiovascular Angiography and Interventions guidelines [11] .
Procedure and protocol
We routinely used bare metal stents in emergency PCI, unless the infarct-related artery had heavy calcification, a reference lumen diameter of <2.5 mm, or a stent-like result at the treatment site after balloon angioplasty or thrombectomy.
Echocardiography was routinely performed in each patient before undergoing cardiac catheterization, especially when a heart murmur was present.
The routine medical treatment for these patients was as follows. The patient was treated with aspirin (100-200 mg) and ticlopidine (200 mg) or clopidogrel (75 mg with loading dose of 300 mg) were co-administered. A bolus of 5000 U heparin was given, and this was followed by an IV heparin drip, which was adjusted to keep the activated partial thromboplastin time at 1.5-2 times the normal values. All other medications, nitrates, ␤-blockers, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers were used as needed in the patients.
Definitions
The occurrence of VSR was first suggested by physical examination findings such as cardiac systolic murmur, and it was subsequently confirmed using echocardiography and/or right heart catheterization. The diagnosis of LVFR was made in cases either of sudden cardiogenic shock or low blood pressure associated with large pericardial effusion, and it was confirmed by bloody pericardial effusion using pericardial centesis. We divided the patients with complicating LV rupture into two groups according to the time to rupture after onset of the AMI [12] . Early rupture indicates LV rupture within 24 h after the AMI onset, and late rupture indicates LV rupture after 24 h from the AMI onset.
Data collection
We evaluated the following independent variables: age, gender, hypertension, diabetes mellitus, smoking history, previous coronary disease, and type of infarction (with ST-segment elevation or not). For 1142 patients who underwent selective coronary angiography, the number, location, and severity of obstructive lesions were recorded. Multivessel coronary artery disease was defined by a stenosis of >50% [11] in two or more major coronary arteries. The intercoronary collaterals were assessed by Rentrop classification [13] .
Statistical analysis
Data are expressed as the mean ± SD. Categorical variables, presented as frequency and percentage, were compared using chi-square test or Fisher's test as appropriate. Stepwise logistic regression analysis was used to determine independent determinants of LV rupture complicating AMI. A value of p < 0.05 was considered to indicate statistical significance. All statistical analyses were performed using StatView version 5.0 software (SAS Institute, Cary, NC, USA).
Results

Incidence and baseline clinical characteristics of the LV rupture
Among the 1290 consecutive patients who were diagnosed with AMI, VSR occurred in 19 cases (1.5%) and LVFR in 17 cases (1.3%). Relevant patient baseline characteristics are summarized in Table 1 . Patients with LV rupture had significantly lower incidences of previous MI, previous PCI, and hypertension. There were no significant differences in terms of the presence of diabetes mellitus and angina before AMI. Furthermore, older age and female gender were significantly tied to LV rupture. Among patients who received thrombolytic therapy, no cases developed LV rupture.
Angiographic results
Among the 1290 patients with AMI, 1142 patients underwent emergent coronary angiography (88.5%). Sixteen patients with VSR (84.2%) and 16 patients with LVFR (94.1%) underwent coronary angiography, and angiographic results are summarized in Table 2 . The incidence of the left anterior descending artery as an infarctrelated artery was significantly higher in patients either with VSR (75%) or LVFR (75%) than in patients without it (p < 0.01). Patients with mechanical complications tended to have Thrombolysis in Myocardial Infarction grade 0-1 flow at first coronary angiography compared to patients without mechanical complications (p < 0.01). Single vessel disease was more frequently observed in patients with LV rupture than in patients without it (p < 0.01). Furthermore, 75.0% of patients with VSR and 93.8% of patients with LVFR did not have any intercoronary collaterals (Rentrop classification 0). In a multivariable model, baseline factors associated with mechanical complications were older age, absence of hypertension, absence of previous PCI, and single-vessel disease ( Table 3) .
Time course of LV rupture
Mean observational period from AMI onset to LV rupture was 2.6 days (VSR = 2.4 days, LVFR = 2.9 days). In the present observation, 9 patients (47.4%) with VSR and 8 patients (47.1%) with LVFR developed LV rupture within 24 h after symptoms onset (early rupture, Fig. 1 ). Furthermore, 8 patients with VSR (21.1%) and 5 patients with LVFR (23.5%) already had mechanical complications before arriving at the hospital (Fig. 2) . Clinical manifestations at the onset of LV rupture were cardiac arrest (21.1% in VSR, 41.2% in LVFR), shock (31.6% in VSR, 47.1% in LVFR), and congestive heart failure (21.1% in VSR, 5.9% in LVFR). 
Reperfusion therapy and prognosis
We performed primary PCI in 5 cases of VSR and 10 cases of LVFR. Mean duration from AMI onset to reperfusion therapy was 76.8 h in VSR and 28.8 h in LVFR (Fig. 3) . The proportion of the patients who could not receive reperfusion therapy within 12 h from AMI onset was significantly higher in the late rupture group than in the early Fig. 1 . Time from AMI onset to LV rupture. Nine patients (47.4%) with VSR and eight patients (47.1%) with LVFR developed LV rupture within 24 h after symptoms onset. The frequency of LV rupture has 2 peaks (early rupture and late rupture), and mean observational periods from AMI onset to LV rupture was 2.6 days. AMI, acute myocardial infarction; VSR, ventricular septal rupture; LVFR, left ventricular septal rupture. rupture group (Fig. 2 ). Only 7 cases with successful reperfusion within 12 h developed late rupture (after 24 h).
Although surgical repair was performed in 79% of the VSR cases and 53% of the LVFR cases, the in-hospital mortality rate was still high (68.4% in the VSR cases and 82.4% in the LVFR cases). Furthermore, the early rupture demonstrated extremely poor outcome compared with late rupture, mortality rate was 88.2% in the early rupture group and 63.1% in the late rupture group, respectively.
Discussion
Primary PCI was expected to decrease the incidence of LV rupture, however, this study revealed that LV rupture cases were not decreased in contrast to our expectation. We experienced 17 cases (47.2%) of early phase LV rupture which occurred within 24 h from AMI onset, and these patients demonstrated extremely poor outcome.
In the present study, primary PCI was done in 77.6% of patients with AMI, and the incidence of LV rupture was 2.8%. An increasing use of reperfusion therapies for AMI appears to have decreased the rates of mechanical complications of LV rupture compared to historical rates [3, [14] [15] [16] [17] . VSR is estimated to occur in fewer than 1% of patients with ST-elevation myocardial infarction, when thrombolytic therapy (GUSTO-I) [16] or primary PCI (APEX-AMI) [17] were performed within 6 h of symptom onset. Moreno et al. reported that the incidence of LVFR was 1.8% and 3.3% in patients treated within 12 h after symptoms onset with primary PCI and with thrombolysis, respectively [8] . The present study included all consecutive patients who were admitted to our institute regardless of onset-to-door time, and this study may provide precious data in the real world.
The frequency of LV rupture has 2 peaks: an early peak within 24 h and a late one from 3 to 5 days [3, 12, 16] . Early rupture is related to the initial evolution of infarction before significant collagen deposition, and late rupture is related to expansion of the infarct-related ventricular wall [16, 18] . In the present study, 17 patients (47.2%) developed LV rupture within 24 h after symptoms onset (early rupture). Because the proportion of patients who could not receive reperfusion therapy within 12 h from AMI onset was significantly higher in the late rupture group than in the early rupture group (Fig. 2) , early reperfusion might decrease the incidence of late rupture. On the other hand, most of the early ruptures occurred before arriving at our hospital, even in the primary PCI era, we could not intervene in the prognosis of the early rupture. Thus, there are some populations with early phase ventricular rupture who could receive little benefit from primary PCI. We want to emphasize that this is one possible reason for a relatively high incidence of LV rupture in the primary PCI era. A previous report from Nakamura et al. supported our data that reperfusion therapy could not decrease the incidence of early phase ventricular rupture [12] .
Some previous reports suggested that cardiac rupture is observed most frequently in patients with their first infarction, the elderly, women, lack of diabetes mellitus, and lack of previous angina and MI [3, 7, 10, 12] . In the present study, we confirmed that older age, female gender, absence of previous MI, lack of previous PCI, and absence of hypertension are associated with an increased risk of LV rupture. Anterior infarction, lack of collateral circulation, and single-vessel disease have been postulated to be important in the pathogenesis of LV rupture [7, 12, 16, 19] . These might indicate that an abrupt, relatively large reduction in flow is responsible for rupture [7] . In this study, a multivariate analysis revealed that risk factors associated with mechanical complications were older age, absence of hypertension, absence of previous PCI, and single-vessel disease.
The relationship between hypertension and LV rupture was arguable. Some previous studies mentioned that hypertension before or after myocardial infarction has been postulated to be important in the pathogenesis of VSR [7, 20, 21] . The previous studies suggested that the relationship between cardiac rupture and hypertension is not a close one [7, 14, 16, 17] . Our findings and those of others [7, 12, 19] suggest that lack of hypertension was one of the risks for LV rupture.
An operation for repairing infarction-induced ventricular septal rupture has been available for almost 25 years and has been improved in the past decade [22, 23] . Despite advances in diagnostic procedures and surgical techniques, high hospital mortality rates have been observed in other contemporary studies [5, 10, 24] . Consistent with the previous studies [5, 24, 25] , the prognoses were worse in LVFR as compared with VSR. Furthermore, we demonstrated that the early phase ventricular rupture showed worse prognosis compared with late rupture.
This report has several limitations. We enrolled all the AMI patients, and the patients who did not undergo primary PCI were included. Therefore, it is hard to represent a rigorous relationship between primary PCI and LV rupture. However, we could provide precise incidence of LV rupture in the primary PCI era. Although LV rupture is a rare complication, we should pay more attention to the lethal complications even in the primary PCI era.
